We report our experience with endovascular treatment of supra-aortic arteries and follow-up results in patients with Takayasu's arteritis (TA) presenting with neurological symptoms. Of the 20 patients with TA who underwent cerebral angiography for neurological manifestations between May 2002 and May 2009, 12 (11 females, one male; mean age, 39 years; range 31-56 years) underwent endovascular treatment and evaluated outcome for 21 lesions, including nine common carotid arteries, four vertebral arteries, four subclavian arteries, two internal carotid arteries, and one brachiocephalic artery. Eight patients underwent multiple endovascular procedures for different lesions in single or multiple stages. Mean angiographic and clinical follow-up durations were 34 months (range, 11-79 months) and 39 months (range 11-91 months), respectively.
Introduction
takayasu's arteritis (tA) is a chronic inflammatory arteriopathy of unknown etiology that most commonly affects the aorta and its major branches as well as the pulmonary artery. Clinical manifestations vary depending on the sites and severity of the occlusive vascular lesions [1] [2] [3] . the neurological manifestations of tA result primarily from decreased blood flow caused by steno-occlusive lesions in the arch and cervical arteries to the brain and/or shifting of the blood flow (steal). Collateral vessel formation is common, due to characteristic proximal arterial involvement and the slowly progressive nature of the disease. therefore, neurological manifestations are most often associated with obstructive lesions of multiple arch and cervical arteries, occurring during the latest stages of disease progression 4 . these neurological manifestations, which have been reported in 57% to 80% of patients, may include headache, dizziness, visual disturbance or loss, stroke, and transient ischemic attack (tIA) [2] [3] [4] [5] [6] [7] [8] and may be major causes of morbid events and even premature death 4, 7, 9, 10 . In one study, 6.8% of patients with tA developed hemiplegia and 4.5% had loss of vision at a mean follow-up of 33.2±37 months 9 . Moreover, cerebrovascular events contributed to the deaths of 20% of these patients.
Management strategies for tA include medical therapy with steroids or immunosuppressive agents and revascularization procedures 2, 3, 7, [11] [12] [13] . During the active phase of the disease, steroids have been shown to improve systemic inflammatory symptoms within a few days to weeks. Cytotoxic drugs such as methotrexate or cyclophosphamide have been used when ster-age <40 years, claudication of an extremity, decreased brachial artery pulse, >10 mmHg difference in systolic blood pressure between arms, a bruit over the subclavian arteries or the aorta, and arteriographic evidence of narrowing or occlusion of the entire aorta, its primary branches, or large arteries in the proximal upper and lower extremities.
Patients with active systemic disease, as manifested by symptoms such as fever, musculoskeletal pains, or increased erythrocyte sedimentation rate (ESr) received immunosuppressive therapy before endovascular treatment. ESr was measured by the westergren method (Espette, Korea; reference range <15 mm/h in men and <20 mm/h in women). Prednisolone (1 mg/kg/d) was the first-line immunosuppressive drug, with the addition of methotrexate (7.5 mg/wk) in patients unresponsive to steroids. the doses of immunosuppressive agents were adjusted according to each patient's ESr and clinical status. Endovascular treatment was performed after the ESr had been normalized in these patients.
of the 12 included patients, five had ischemic stroke, three had tIA (transient hemiparesis, aphasia, or visual loss), three had dizziness and one had decreased vision. twenty arteries were treated in these 12 patients including nine common carotid arteries (CCAs), four vertebral arteries, four subclavian arteries, two internal carotid arteries (ICAs), and one brachiocephalic artery. our study protocol was approved by our Institutional review Board.
Interventional Procedures
the patients in our study were premedicated daily with 100 mg aspirin and 75 mg clopidogrel for at least four days before endovascular treatment. Following the procedure, patients were continued on 100 mg/day aspirin indefinitely and 75 mg/day clopidogrel for at least three months. All procedures were performed with the patients under local anesthesia with sedatives, and electrocardiogram, arterial oxygen saturation, and blood pressure parameters were appropriately monitored. After a 6 to 9F sheath was introduced into the femoral artery, the baseline activated clotting time was obtained. A bolus injection of 50 to 80 Iu/kg of heparin was followed by 500-1000 Iu/hr as necessary to achieve an activated clotting time around 200 seconds. using standard catheterization tech-oids could not induce remission 2, 11, 12 . In the chronic stage, the principle of treatment is revascularization of the affected organ, either by surgery or endovascular treatment [13] [14] [15] [16] [17] [18] [19] . Although surgical treatment has been used to bypass the stenosed segment, the diffuse, proximal, and multifocal involvement of the arch vessels may make surgical revascularization difficult. Surgical repair of steno-occlusive lesions at the origin of arch vessels is much more complex because it requires an intrathoracic approach, as opposed to endarterectomy of cervical carotid bifurcation stenosis in atherosclerosis, and is often complicated by graft reocclusion, anastomotic site aneurysm, and/or morbidity. recent advances in endovascular treatment have made percutaneous transluminal balloon angioplasty and stenting feasible for inactive stenotic/occlusive arterial or aortic lesions due to tA [13] [14] [15] [16] [17] 20 . Endovascular treatment is less invasive than surgical repair, as well as being a cost-effective and safe therapeutic option for the relief of stenotic lesions in patients with tA. there have been few studies, however, of endovascular treatment for lesions in the supra-aortic arteries that cause neurological manifestations and the long-term impact of endovascular treatment remains still uncertain. we report our experience with endovascular treatment of supra-aortic arteries for neurological manifestations due to tA and the longterm follow-up results.
Materials and Methods

Patients
Between May 2002 and May 2009, 20 patients with tA underwent digital subtraction cerebral angiography (DSA) for neurological manifestations were retrospectively reviewed from the prospective neurointerventional data registry. of these, 12 consecutive patients (11 females, one male; mean age, 39 years; range, 31-56 years) underwent percutaneous transluminal balloon angioplasty (PtA) and/or stenting for stenotic lesions of supra-aortic arteries caused by tA and were included in this study.
tA was diagnosed according to the American College of rheumatology Criteria for the Classification of tA 21 . the presence of at least three of the following six criteria was considered consistent with a diagnosis of tA: onset niques, a 6F to 9F guiding catheter was introduced into the proximal portion of the stenotic artery. In all patients except those with occluded subclavian arteries, the stenosis was initially crossed by a 0.014-inch microguidewire; in some patients, a filter-type protection device was deployed in the cervical portion of the ICA and vertebral artery. If the lesion was too narrow and tortuous for a microguidewire, the latter was manipulated to pass the lesion using a microcatheter and the wire was then replaced by a 0.014-inch microguidewire of intermediate stiffness or with a tapered tip, followed by removal of the microcatheter 22 . the balloon ranged from 4 to 7 mm in diameter and 15 to 20 mm in length. the balloon was inflated two to three times at six to 12 atmospheres for ten to 20 seconds until its waist disappeared. If stenting was to be performed, a self-expandable stent delivery catheter was advanced over the immobilized microguidewire or filterwire after predilatation. Angioplasty of the right VA ostium reveals good patency resulting in improved consciousness. (D) one year later, the left ICA lesion was stented to increase perfusion of the cerebrum to improve her residual dizziness caused by the subclavian steal phenomenon. Brachiocephalic arteriogram (E), the left CCA-gram (F, g), the left subclavian arteriogram (H), and (I) right VA grams obtained 6 years later shows good preservation of the ostium of the right VA (E) and the stented lumen of the left ICA (F). there was a spontaneous recanalization of the right CCA with fine vascular channels (E). the right cerebral hemisphere was supplied by collaterals via the anterior communicating artery from the left ICA and also via the external carotid artery from the right VA (g, H). Also note the left subclavian steal due to the left subclavian artery occlusion (H). using dual access routes via the femoral and radial arteries (I, J), the occluded left subclavian artery was recanalized by angioplasty followed by stenting (K). good patency of the right CCA was obtained after stenting and resulted improvement of her visual disturbance (l). She was clinically stable during next 11 months without further symptom presentation.
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After stent deployment, postdilatation was performed using a 5 mm or 8 mm diameter angioplasty balloon if residual stenosis was >30%. For occluded subclavian arteries, an additional radial approach was used. to obtain access, the ipsilateral radial artery was punctured, a 4F sheath was introduced proximally into the radial artery, and the occluded site was probed using a 4F catheter and a 0.035-inch guidewire through the radial route 23 . After this system passed the occluded site, the microguidewire located in the subclavian artery proximal to the occluded site could be advanced, using the femoral route, to the axillary artery, followed by stent delivery through this microguidewire and its successful deployment 24 .
Following angioplasty or stenting, selective angiography was performed to determine the degree of dilation and whether dissection had occurred and to evaluate the intracranial circulation for signs of distal embolization 25 .
Definitions and Follow-up
type of stenosis was classified, based on the length of the stenotic lesion, as focal (<2 cm) or diffuse (≥2 cm). An intervention was considered technically successful if the residual stenosis was <30%. long-term success of the endovascular procedure was documented by digital subtraction angiography, Ct angiography, Mr angiography or Doppler ultrasound. restenosis was defined by the presence of symptom recurrence and >50% restenosis on follow-up angiography.
Results
the demographic, clinical and angiographic findings and date, site, method and endovascular treatment device of individual patients are summarized in table 1 and the ESr and type of lesion are summarized in table 2. Five PtAs and 16 stentings were performed for 21 lesions of these 12 patients. thirteen lesions were diffuse and eight were focal (table 2). Five patients underwent multiple endovascular procedures for different lesions in a single session. two patients underwent staged procedures at two sessions, one (patient 1) for a restenosis and the second (patient 7) for a progressed stenosis, and one patient underwent staged procedures during three sessions due to new neurological symptoms (patient 2) (Figure 1 ). the ESr was increased in six patients (50%) (table 2).
the immediate and follow-up angiographic and clinical results are summarized in table 2. technical success was achieved in 20 procedures in 11 patients. one procedure failed with 50% residual stenosis due to dense calcification of the vessel walls (patient 8). there were no procedure-related complications. Angiographic follow-up was obtained for 19 lesions of 11 patients at a mean follow-up of 34 months (range 11-79 months). restenosis occurred at two lesions in two patients (10%) without symptom recurrence; in the CCA of patient 1 nine months after PtA, treated by stenting, and in the CCA of patient 6, 44 months after stenting. occlusion occurred at two lesions in one patient (patient 7). Mean clinical follow-up duration was 39 months (range 11-91 months). neurological symptoms of ten patients were improved, as shown by a mrs score of 0-1. one patient died from cardiac failure 36 months after PtA (patient 4). one patient (patient 7) had a minor stroke three months later and re-turned to normal status; 41 months after stenting, this patient presented with a traumatic subarachnoid hemorrhage caused by fainting, CtA at the time of hemorrhage revealed a patent left vertebral artery ostial stent but occlusion of the right ICA and CCA stents. this patient's final neurologic status was mrs=3. Before the hemorrhage, he had been followed due to diverse clinical problems but was not followed for the stent luminal patency. He had been taking aspirin 100 mg/day and clopidogrel 75 mg/ day without developing clopidogrel resistance.
Discussion
we have shown here that PtA and/or stenting of supra-aortic arteries provided good results in patients with tA presenting with neurological manifestations. lesions dilated by endovascular treatment were well preserved angiographically during a follow up period of 11 months to six years, and these patients led lives stable for 11 months to eight years after endovascular treatment without developing new or recurrent neurological manifestations. therefore, one- or multi-staged PtA and/or stenting of supra-aortic arteries in patients with tA presenting with neurological manifestations seems to be feasible and durable.
Endovascular treatment has emerged as the initial mode of treatment for stenosis of the aorta, renal, and subclavian arteries caused by tA 17, [26] [27] [28] . less is known, however, about the role of endovascular treatment for lesions in the carotid, brachiocephalic, and vertebral arteries 7,10,29-31 . one case report showed an excellent ten-year outcome after PtA for lesions of the brachiocephalic artery and CCA 29 , and PtA and stenting of 12 lesions of arch arteries for severe cerebral ischemia gave good results during follow-up periods of three months to 49 months 7 . Symptomatic restenosis of two patients with diffuse-type stenosis at stenting was successfully retreated by cutting balloon angioplasty 7 . we also observed restenosis in two lesions with diffuse stenosis; one, initially treated with PtA, was retreated by stenting, and the second, initially treated by stenting, was treated by medication because it was asymptomatic. these restenotic lesions were tolerable clinically during follow-up of 44-83 months. the results of these two studies showed that diffuse lesions of arch vessels are associated with a higher rate of restenosis than focal lesions and that PtA of these restenotic lesions, using table 1 Neurological manifestations, angiographic findings and endovascular treatments.
Case
No. cutting balloon and stenting, results in good longterm outcomes. Previous studies have shown good results in patients undergoing stenting of multiple vessels in a single session 7, 10, 29, 32, 33 . the multiplicity of progressive lesions is challenging in the management of tA, with endovascular treatment taking priority over surgery.
Age/ Sex
Symptom
In our study, five out of 12 patients underwent multiple endovascular procedures in a single session, whereas three patients underwent multiple procedures during two or three sessions due to progressive stenosis, new neurological symptoms and/or restenosis. none of these procedures showed evidence of technical failure, and the results of longterm clinical follow-up were good. we observed a significant residual stenosis after stenting due to dense calcification of the vessel walls. Another study reported a technical failure in stenting of an occluded subclavian artery due to an inability to cross the occluded segment 33 .
In tA, unlike atherosclerotic lesions, the vessels are firm, scarred, nonulcerated and fibrotic. thus, arch vessels require higher balloon inflation pressure or a cutting balloon during angioplasty. revascularization of the occluded vessels is often crucial in patients with tA. the hard nature of the occluded segment is a main cause of technical failure. If the subclavian artery is occluded, an approach in which the occluded seg- 
Conclusions
Single- or multi-staged procedures for different lesions of tA are often needed in patients with neurologic manifestations which are dependent on each patient's hemodynamic status. In conjunction with medical treatment, PtA and/or stenting of supra-aortic arteries in tA is feasible and durable, and provides good symptomatic relief in patients with multiple stenoocclusive lesions of supra-aortic arteries.
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Because ESr at the time of admission may affect the results of endovascular treatment, it is important to strictly control active disease by administering immunosuppressive agents before and after endovascular treatment. on an emergency basis, patients should be administered steroids prior to endovascular procedures and steroids should be continued for prolonged periods thereafter 31 . the intensity and duration of the immunosuppressive regimen should be determined according to each patient's clinical condition and disease activity. we therefore administered prednisolone to patients with increased ESr before endovascular treatment, adding methotrexate if a patient was unresponsive to steroids. we found that this protocol was successful in lowering the ESr before intervention. Although our study is limited by the small number of subjects, we assessed the longterm results of endovascular treatment for supra-aortic lesions in patients with tA.
